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KB A direct org. fuel cell includes a fluid 

fuel comprising formic acid, an anode having an 

electrocatalyst comprising palladium nanoparticles , a fluid oxidant, a 
cathode elec. connected to the anode, and an electrolyte interposed 
between the anode and the cathode. 
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AB A direct org. fuel cell includes a fluid 

fuel comprising formic acid, an anode having an 

electrocatalyst comprising palladium nanoparticles, a fluid oxidant, a 
cathode elec. connected to the anode, and an electrolyte interposed 
between the anode and the cathode. 
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AB The invention concerns a fuel cell and method using the same. The fuel ' 
cell comprises a membrane electrode assembly, the membrane electrode 
assembly comprising a proton exchange membrane having a front face and a* 
rear face. An anode is coupled to the front face of the proton exchange 
membrane, and a cathode is coupled to the rear face of the proton exchange 
membrane. A vapor diffusion, chamber is positioned in the front of the 
anode, and a vapor transport member is positioned in front of the vapor 
diffusion chamber. The vapor transport member is substantially 
impermeable to an organic fuel/water mixture in a liquid phase but is permeable 
to the organic fuel/water mixture in a vapor phase. In operation, a liquid fuel 
mixture delivered to the vapor transport member evaps . from the vapor 
transport member and is delivered to the anode in vapor form. 
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AB A passive direct org. fuel cell includes an 

organic fuel solution and is operative to produce at least 15 mW/cm2 when 
operating at room temperature In addnl . aspects of the invention, fuel cells 
can include a gas remover configured to promote circulation of an organic 
fuel solution when gas passes through the solution, a modified carbon cloth, one 
or more sealants, and a replaceable fuel cartridge. 
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A direct org. fuel, cell includes an anode 

within an anode enclosure, solid polymer electrolyte, and gas diffusion 
cathode within a cathode enclosure. An elec. load is connected between 
the anode and cathode via elec. linkage. A liquid fuel comprising between 
about 10% and 95% by weight formic acid is supplied to 

the anode enclosure. Oxidant is supplied to the cathode enclosure. Gas 
removal ports are provided to remove carbon dioxide and water from the 
fuel cell. 
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AB The present invention provides improved, low- cost fuel cells having 

reduced fuel crossover, reduced sensitivity to metal ion impurities and 
ability to operate under a broad range of temps. Addnl . , new effective 
organic fuels are described for use in such fuel cells. The invention 
further provides improved methods for catalyst preparation and a new integrated 
flow field system for use in H2/02 fuel cells. 
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AB A method of operating a fuel cell comprises supplying O to a cathode of 

the fuel cell and supplying a gaseous or vapor mixture of spent anode gas 
and replacement fuel to an anode of the fuel cell. The mixture comprises at 
least substantially 70 volume% of spent anode gas, the fuel being capable of 
reacting with O ions and providing electrons to create elec. current, 
forming the gaseous or vapor mixture comprising the fuel and spent anode 
gas. The fuel cell provides aforesaid spent anode gas as gaseous exhaust 
from the anode, and the spent anode gas comprises C02 . 
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AB An organic fuel, such as a MeOH/H20 mixture, is circulated past an anode of. a 
cell while 0 or air is circulated past a cathode of the cell. The cell 
solid electrolyte membrane is preferably fabricated from Nafion. For 
improving the performance of C electrode structures for use in org 
. fuel cells, a high surface-area C 

particle/Tef lon-binder structure is immersed in a Nafion/MeOH bath to 
impregnate the electrode with Nafion. For fabricating an anode for use in 
an org. fuel cell, metal alloys are 

electrodeposited onto the electrode in a solution containing 
perf luorooctanesulfonic acid. A fuel additive containing 
perf luorooctanesulfonic acid is used with fuel cells employing a H2S04 
electrolyte. The organic fuel is selected from MeOH, HCHO, HC02H, 
trimethoxymethane, and trioxane. 
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AB The fuel cells is operated by circulating an organic fuel essentially free of 
an acid electrolyte, such as a MeOH/water mixture, past the cell anode while 
0 or air is circulated past the cathode. The cell electrolyte membrane is 
preferably made of Nafion. The C electrode structures are prepared by 
immersing a high surface area C particle-Teflon binder structure with 



'Nafion in a MeOH bath. The anode for the fuel cells have a metal alloy 
deposited onto the C electrode structure from a solution containing 
perf luorooctanesulfonic acid. A fuel additive containing this acid and a new 
organic fuels are also described. 
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AB The oxidation of formic acid on thin, epitaxially-grown 

Pd overlayers on Au and . Pt single crystal electrodes was studied as a 
function of overlayer thickness ranging from submonolayer coverages up to 
the equivalent of 10 monolayers. The results were compared with those for 
massive Pd single crystal surfaces. The electrocatalytic properties of 
the Pd overlayers depend markedly on their thickness and on their 
crystallog. orientation. Pd(100) showed the highest catalytic activity of 
all three low-index faces, and Pd films on Pt(hkl), even when two or three 
layers thick, generally exhibited a much higher activity than Pd films on 
Au(hkl) or massive Pd(hkl) . In all cases a high resistivity of the Pd 
surfaces against poisoning by CO was observed, which makes Pd an interesting 
alternative to the often quickly deactivated Pt as catalyst for 
org- fuel cell reactions. 
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AB The practical application of the electrocatalysis by Sn ad-atoms to anodes 
for org. fuel cells was studied. A 

simplified and versatile preparation method of the electrode having high sp. 
surface area Pt with a well-defined Sn coverage was developed. It 
consists of undervoltage deposition of ad-atoms and subsequent anodic 
treatment resulting in uniform dispersion of the ad-atoms over all the Pt 
clusters in the catalyst layer of the electrode. * The resulting electrode • 
exhibits enhancement effects in the specific activity over the pure Pt 
black electrode by a factor of 100 for oxidation of MeOH , of more than 1000 
for oxidation of HCHO and of 250 for. oxidation of HC02H, resp. This method has 
the advantage that a much higher sp. surface area of catalyst is obtained, 
as well as an optimum composition, compared with the electrochem. co-deposition 
or immersion methods proposed previously. 
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